Despite the prevalent worldwide abuse of stimulants, such as amphetamines and cocaine, no medications are currently approved for treating this serious public health problem. Both preclinical and clinical studies suggest that the opioid antagonist naltrexone (NTX) is effective in reducing the abuse liability of amphetamine, raising the question of whether similar positive findings would be obtained for cocaine. The purpose of this study was to evaluate the ability of oral NTX to alter the cardiovascular and subjective effects of D-amphetamine (D-AMPH) and cocaine (COC). Non-treatment-seeking COC users (N ¼ 12) completed this 3-week inpatient, randomized, crossover study. Participants received 0, 12.5, or 50 mg oral NTX 60 min before active or placebo stimulant administration during 10 separate laboratory sessions. Oral AMPH (0, 10, and 20 mg; or all placebo) was administered in ascending order within a laboratory session using a 60-min interdose interval. Smoked COC (0, 12.5, 25, and 50 mg; or all placebo) was administered in ascending order within a laboratory session using a 14-min interdose interval. Active COC and AMPH produced dose-related increases in cardiovascular function that were of comparable magnitude. In contrast, COC, but not AMPH, produced dose-related increases in several subjective measures of positive drug effect (eg, high, liking, and willingness to pay for the drug). NTX did not alter the cardiovascular effects of AMPH or COC. NTX also did not alter positive subjective ratings after COC administration, but it did significantly reduce ratings of craving for COC and tobacco during COC sessions. These results show that (1) oral AMPH produces minimal abuse-related subjective responses in COC smokers, and (2) NTX reduces craving for COC and tobacco during COC sessions. Future studies should continue to evaluate NTX as a potential anti-craving medication for COC dependence.
INTRODUCTION
Abuse of stimulants is a serious public health problem. Of the approximately 210 million illicit drug users worldwide, approximately 56 million abuse amphetamines (AMPHs) and approximately 17 million abuse cocaine (COC; United Nations Office on Drugs and Crime, World Drug Report, 2011) . Although methamphetamine abuse in the United States appeared to be declining during the early-to mid2000s, it has remained constant over the past several years. For example, between 2007 and 2011, the number and percentage of current methamphetamine abusers ranged between 353 000 (0.1%) and 530 000 (0.2%; Substance Abuse and Mental Health Services Administration, 2012). In 2010, among the 1.9 million emergency department visits involving drug misuse or abuse, methamphetamine/AMPH was ranked fourth (55 visits per 100 000 population aged 21 or older) of the illicit drugs, behind COC (211 visits), marijuana (151 visits), and heroin (93 visits; Substance Abuse and Mental Health Services Administration, Center for Behavioral Health Statistics and Quality, 2012) . However, no medications are currently approved by the Food and Drug Administration for treating stimulant dependence.
Recent research has suggested that naltrexone (NTX) , an antagonist at the mu, delta, and kappa subtypes of opioid receptors, may be useful for treating AMPH dependence. Research conducted in Sweden, including both laboratory studies and a randomized treatment trial, demonstrated that oral NTX reduced the positive subjective effects of AMPH, as well as AMPH use (Jayaram-Lindstrom et al, 2004 , 2008a . For example, in both AMPH-dependent patients with attention-deficit/hyperactivity disorder (ADHD; N ¼ 20; Jayaram-Lindstrom et al, 2008b) and normal, healthy volunteers with no current or history of drug abuse (N ¼ 12; Jayaram-Lindstrom et al, 2004) , 50 mg oral NTX significantly decreased the positive subjective effects of 30 mg oral D-AMPH without altering the physiological effects of AMPH. Furthermore, a randomized clinical trial of oral NTX (50 mg) for treating AMPH dependence demonstrated that treatment outcomes (number of AMPH-negative urine samples, rate of continuous abstinence, craving, and self-reported consumption of AMPH) were significantly improved in NTX compared with placebo-treated patients (N ¼ 40 per group; JayaramLindstrom et al, 2008a) . Consistent with the clinical data, preclinical studies have demonstrated that NTX reduces the reinforcing effects of intravenous AMPH (Jimenez-Gomez et al, 2011) , AMPH-induced decreases in the threshold for intracranial brain stimulation reward (Todtenkopf et al, 2009) , and reinstatement of AMPH seeking (Haggkvist et al, 2009 ). The exact mechanism by which NTX altered AMPHinduced responses remains unclear.
NTX has also been examined as a potential treatment medication for COC dependence, with mixed results. Kosten et al (1992) showed that NTX produced small decreases in subjective ratings of the value of intravenous COC. Walsh et al (1996) investigated the ability of NTX to attenuate the effects of intravenous COC, hydromorphone, and their combination. Although NTX did succeed in antagonizing the effects of hydromorphone, it did not alter the subjective or physiological effects of COC alone. NTX partially reduced the subjective effects produced by the hydromorphone/ COC combination, but this effect appeared to be due to antagonism of hydromorphone. Sofuoglu et al (2003) investigated the potential use of NTX and isradipine, a calcium channel blocker, alone and in combination for the treatment of COC abuse. NTX alone decreased intranasal COC-induced increases in ratings of good effects, but, again, this change was small.
Given that both AMPH and COC increase synaptic dopamine levels, albeit through different mechanisms, it is not clear why NTX appears to alter the effects of AMPHs more than COC. Therefore, the purpose of our study was to replicate the positive findings reported by JayaramLindstrom et al (2004 JayaramLindstrom et al ( , 2008b and to directly compare the ability of NTX to alter the abuse liability of D-AMPH and COC using a within-subjects crossover design in which all participants receive both AMPH and COC. NTX and D-AMPH were administered orally in order to more closely replicate the studies by Jayaram-Lindstrom et al (2004 , 2008b . COC was not administered via the oral route because it is typically not used in this manner. NTX was administered acutely in this study, rather than chronically as it would be used in clinical treatment settings, because robust reductions in AMPH-induced positive subjective responses were obtained with acute NTX pre-treatment in the laboratory studies reported by Jayaram-Lindstrom et al (2004, 2008b) . As these findings in the laboratory setting were predictive of treatment response as noted above (Jayaram-Lindstrom et al, 2008a) , we used the same acute dosing procedure in our study. We predicted that NTX compared with placebo would produce a dose-dependent decrease in the subjective effects of AMPH, but not COC. In addition, we predicted that NTX would neither alter the physiological effects of AMPH nor COC.
MATERIALS AND METHODS

Screening
After a telephone interview, volunteers found to be eligible for the study were scheduled for additional screening. During initial screening visits, volunteers completed questionnaires on drug use, general health, and medical history, as well as a medical and psychological evaluation. Laboratory analyses included a blood chemistry panel, complete blood count, liver profile, thyroid function test, pseudocholinesterase function to examine the body's ability to metabolize COC, and HCG levels in women. A urine drug toxicology (opioids, benzodiazepines, cannabis, methadone, buprenorphine, AMPH, COC, and oxycodone) was performed at each screening visit. Participants also received an electrocardiogram, tuberculosis test, and chest X-ray.
Participants were included in the study if they smoked COC at least twice per week for the previous 6 months and spent at least $50 per week on COC. Participants were excluded from the study if they were seeking treatment for their drug use, not between the ages of 21 and 50 years, dependent on any substance other than COC, nicotine or caffeine, had a major neurological or axis I psychiatric disorder, other than substance dependence, were currently pregnant or breastfeeding, did not use an effective method of birth control, were taking any medications that would interfere with the study measures (eg, blood pressure medications, antiretroviral medications), had any unstable physical disorders (eg, AIDS, hypertension, or heart disease), or had any liver, gastrointestinal, or renal disease that would alter the pharmacokinetics of the study drugs. Any participant with current or recent risk of violence, or who was on parole/probation were also excluded from the study. Participants were required to be physically healthy and able to complete all study procedures.
Before laboratory sessions began, participants completed a practice session, where computerized questionnaires and tasks were explained to them in detail. Volunteers were paid $15 for each screening visit for up to 5 visits, $25 per inpatient day, and an additional $25 per day bonus if they completed the study. Volunteers were also paid $25 per visit at 1-month and 3-month follow-up visits after study completion. Participants signed consent forms describing the study and potential risks and benefits of all study procedures and drugs involved. At the end of the study or during the study if requested, participants were offered referrals for treatment of their drug use. This study was approved by the Institutional Review Board of the New York State Psychiatric Institute and was conducted in accordance with the tenets of the Declaration of Helsinki.
Apparatus
During experimental sessions, participants were seated in a comfortable chair in front of a Macintosh computer and a response manipulandum ('mouse') was used for the completion of tasks and questionnaires presented on the screen. Experimenters in an adjacent control room continually monitored all computer activities, vital signs, and behaviors. The control room contained a computer, used for data collection and control of the participants' computer, a one-way mirror, and vital signs monitors. Cardiovascular function was measured using a Sentry II vital signs monitor and an electrocardiogram.
General Procedure
Participants admitted to the study were not allowed to have visitors or to leave the facility unescorted by study staff. On admission, a 12-lead ECG was performed to ensure cardiovascular health and that no major changes in functioning had arisen after screening. The first 1 to 2 days after admission were used as drug 'washout' days to allow the effects of any street drugs to dissipate. After this period, participants began laboratory sessions. Sessions were conducted approximately every other day, excluding weekends. The subjective and physiological effects of oral D-AMPH (0, 10, and 20 mg) and smoked COC (0, 12, 25, and 50 mg) given in combination with oral NTX (0, 12.5 or 50 mg) were compared. Dose combinations were: (1) placebo NTX þ placebo COC throughout the session, (2) 50 mg NTX þ placebo COC throughout the session, (3) placebo NTX þ increasing doses of 0, 12, 25, and 50 mg COC, (4) 12.5 mg NTX þ increasing doses of 0, 12, 25, and 50 mg COC, (5) 50 mg NTX þ increasing doses of 0, 12, 25, and 50 mg COC, (6) placebo NTX þ placebo AMPH throughout the session, (7) 50 mg NTX þ placebo AMPH throughout the session, (8) placebo NTX þ increasing doses of 0, 10, and 20 mg AMPH, (9) 12.5 mg NTX þ increasing doses of 0, 10, and 20 mg AMPH, and (10) 50 mg NTX þ increasing doses of 0, 10, and 20 mg AMPH. One NTX dose was administered per session under double-blind conditions. Participants were not informed that the drug they received was NTX, but were told that the medication may be one of the following: modafinil, gabapentin, NTX, or bupropion. Multiple doses of COC or AMPH were administered per session (either all placebo doses or ascending active doses). Although participants were aware whether they were receiving oral or smoked drug during laboratory sessions, they were blind to the AMPH and COC doses administered. All participants received each combination of doses in a random order, completing 10 laboratory sessions in total. Urine samples, for drug analysis, were randomly collected once a week to ensure that participants were compliant with study procedures.
Experimental Sessions
During all sessions, participants completed tasks and questionnaires on a computer. ECG was continually monitored throughout the session. During the first 30 min of each session, baseline (BL) blood pressure, heart rate, and presence of a normal ECG were determined and subjects completed a performance task battery as well as a BL assessment of subjective effects using the visual analog scale (VAS). If at any time blood pressure or heart rate deviated from normal (see Measures: Physiological effects), or the ECG was abnormal for longer than 6 min, the session was discontinued. Participants were not allowed to smoke tobacco or eat a full meal during sessions.
D-AMPH sessions. During D-AMPH sessions, NTX (0, 12.5, or 50 mg) was administered at time point 0. AMPH dosing began 1 h after NTX administration and continued on a 60-min interdose interval. AMPH doses were either three doses of placebo, or three increasing doses of AMPH (0, 10, and 20 mg) per session. The VAS was administered at 15-min intervals after the NTX, placebo AMPH, and 10 mg AMPH doses. After the 20 mg dose of AMPH, the VAS was administered every 15 min for the next hour, and every 30 min after that for another 2 h. One hour after the last dose of AMPH, the performance task battery was administered. D-AMPH sessions lasted approximately 6.5 h.
COC sessions. During COC sessions, NTX (0, 12.5, or 50 mg) was administered at time point 0. COC dosing began 1 h after NTX administration and continued on a 14-min interdose interval. COC doses were either four doses of placebo, or four increasing doses of COC (0, 12, 25, and 50 mg) per session. The VAS was administered at 15-min intervals after the NTX dose, and then 2 min after each COC dose administration. The VAS was administered 2, 10, 20, 30, and 60 min after the final dose of COC. Thirty minutes after the last dose of COC, the performance task battery was administered. COC sessions lasted approximately 3.5 h.
Measures
Subjective effects. The VAS was used to assess subjective and self-perceived physiological effects. The VAS consisted of 25 items. Participants indicated on a 100 mm line, from 'not at all' to 'extremely' in response to each question. The first 17 questions were labeled 'I feel' 'Stimulated', 'Anxious', 'Depressed', 'Sedated', 'High', 'Focused', 'Calm', 'Able to Concentrate', 'Alert', 'Tired', 'Talkative', 'Selfconfident', 'Social', 'Irritable' 'Confused', 'a Good Effect', and 'a Bad Effect'. The next three questions assessed drug craving and were labeled 'I Wanty' 'Cocaine', 'Alcohol', and 'Tobacco'. The next three questions asked on a scale of 'not at all' to 'extremely' about the quality and potency of the drug and how much they liked the drug that they had received. The last question asked the participant to mark on a scale from $0 to $25 how much they would pay for the drug received.
Physiological effects. A blood pressure cuff was attached to the participant's non-dominant arm and recorded blood pressure and heart rate every 6 min during D-AMPH sessions and every 2 min during COC sessions. If systolic/ diastolic blood pressure rose above 160/100 mm Hg or heart rate rose above (220 À participant's age À 0.85) for 46 min, no further doses were administered. If systolic/diastolic blood pressure rose above 180/120 mm Hg or heart rate rose above (220 À participant's age À 0.85) for 46 min, the session was discontinued. No doses were withheld and no sessions were terminated based on these criteria.
Behavioral performance tasks. The behavioral performance task battery consisted of four tasks. A 3-min digitsymbol substitution task, a 10-min divided attention task, a 10-min rapid information processing task, and a 3-min repeated acquisition of response sequences. The results of the performance tasks will be published in a separate paper, so they will not be discussed further.
Side effects. Adverse events (AEs) were assessed each day throughout the study using a modified version of the Systematic Assessment for Treatment Emergent Effects questionnaire (SAFTEE; Guy et al, 1986; Rabkin and Markowitz, 1986) . AEs were coded from a list of possible events and the severity (mild, moderate, or severe), potential causes (study drug, concurrent drug, concurrent illness, other known cause, or uncertain cause), action(s) taken (none, decreased dose, symptomatic therapy, study drug discontinued, and hospitalization), and outcome (recovered, abated with decreased dosage, ongoing, and under treatment, death) were recorded.
Drugs
Cocaine. COC HCl was purchased from Mallinckrodt (Phillipsburg, NJ) and manufactured into pellets of smokable COC (12, 25, and 50 mg) by the New York State Psychiatric Institute pharmacy. The 0 mg COC dose was an inhalation of warmed air through the pipe. A physician or nurse administered smoked COC by placing the pellet at the end of a pre-made glass tube with a wire-mesh screen and lighting the end for the participant to inhale. All visual cues were blocked immediately before smoking with a blindfold to ensure that the participants would not get any information about the drug by seeing it. Doses were administered using a 14-min interdose interval because previous studies have shown that it would result in cumulative (increasing) subjective effects (eg, Foltin et al, 2003) .
D-amphetamine. D-AMPH was purchased from Cardinal Health (New York, NY) in 10 mg tablets. Doses (0, 10, and 20 mg) were administered as two identical capsules. Tablets were over-encapsulated with lactose filler and were identical in appearance in order to maintain the dosing blind. Placebo doses consisted of capsules containing only lactose powder; the 10 mg dose consisted of one capsule containing a 10 mg tablet of D-AMPH and one placebo capsule; and the 20 mg dose consisted of two capsules containing one 10 mg tablet each of D-AMPH. A nurse administered the tablets. Doses were administered using a 60-min interdose interval because based on previous studies (eg , Brauer et al, 1996) , we expected that it would result in cumulative subjective effects.
Naltrexone. NTX was purchased from Cardinal Health in 50 mg tablets. Doses (0, 12.5, or 50 mg) were administered as two identical tablets. The placebo dose consisted of two capsules containing only lactose powder. The 12.5 mg dose contained a quarter of a 50 mg tablet in one capsule and a placebo capsule. The 50 mg dose contained a full 50 mg tablet in one capsule and a placebo capsule. A nurse administered NTX 60 min before the first dose of D-AMPH or COC. This pre-treatment time was chosen because previous studies have reported that the maximum NTX plasma concentration after an acute dose of 50 mg NTX is achieved in 1 h (Meyer et al, 1984) and pharmacologically relevant plasma concentrations (ie, those that are associated with robust antagonism of the effects of mu opioid agonists) are sustained for 6-12 h (Wall et al, 1981; Meyer et al, 1984) .
Statistical Analysis
Repeated-measures analyses of variance (ANOVA) were used to analyze the physiological and subjective effects of AMPH and COC, and to examine any main effects of NTX. Separate ANOVAs were performed to analyze the effects of AMPH and COC according to dose and time for each drug. Planned comparisons were made among dose conditions, and both dose and dose Â time interactions were examined. Planned comparisons were used to answer two specific questions: (1) How does NTX alter the effects of AMPH and COC? and (2) Do COC and AMPH produce dose-dependent effects within each session? Active NTX dose sessions were compared with placebo NTX sessions and active doses of AMPH or COC were compared with placebo doses within each condition. Physiological effects were analyzed as mean values and subjective effects were analyzed as peak scores before (BL) and after each dose. The SAFTEE was inadvertently not administered to the first four participants who completed the study, so only data from the last eight participants who completed the study were reported below. Comparisons were considered statistically significant at Po0.01.
RESULTS
Participants
Twelve participants (9 men and 3 women; 8 Black, 2 Hispanic, and 2 mixed) completed the study. On average, participants were 44 ± 2 years of age (range: 29-50) and had used COC for 20±2 years (range: 5-33). All participants reported current use of COC and spent an average of $263 ± 55 per week on it (range: $70-500). Two participants reported previous use of methamphetamine, one of whom used in the month before study participation. Two participants had previously used over-the-counter or prescription stimulants (Ritalin, Dexedrine, diet pills, 'uppers'; one of these participants was among the two who had used methamphetamine). Eleven of the 12 completers were current cigarette smokers, ranging from 2 cigarettes per week to 20 cigarettes per day. All 12 participants reported using alcohol, ranging from once per month to once per day (range: 1-4 12-ounce beers per day). Four of the 12 completers reported using marijuana, approximately 2-3 times per month. One participant reported using heroin 20 years previously. Five participants began the study, but did not complete it. Four were discontinued for medical reasons (diabetes, chest pain, high blood pressure before initiation of laboratory sessions, and T-wave inversion after D-AMPH administration). One was dropped because of a paranoid reaction that developed mid-way through the study; the participant had received active COC and active AMPH during separate sessions before the paranoid reaction. Figure 1 shows that both COC (left panels) and AMPH (right panels) produced cardiovascular effects that were of comparable magnitude. The main effects of dose were significant for both COC and AMPH for all of the physiological endpoints. COC significantly increased diastolic pressure (F(5, 50) ¼ 19.1; Po0.0001), systolic pressure (F(5, 50) ¼ 38.8; Po0.0001), and heart rate (F(5, 50) ¼ 39.7; Po0.0001). Similarly, AMPH significantly increased diastolic pressure (F(4, 44) ¼ 13.7; Po0.0001), systolic pressure (F(4, 44) ¼ 18.0; Po0.0001), and heart rate (F(4, 44) ¼ 53.5; Po0.0001). NTX had no effect on AMPH-and COC-induced physiological responses. Figure 2 and Table 1 illustrate the effects of smoked COC (left panels) and oral AMPH (right panels) in combination with NTX on subjective-effect ratings. Participants reported that they 'liked' COC (F(5, 55) ¼ 13.7; Po0.0001), felt 'high' from it (F(5, 55) ¼ 11.3; Po0.0001), and 'would pay' for it (F(5, 55) ¼ 15.6; Po0.0001). Active COC also significantly increased ratings of 'anxious,' 'calm,' 'confused,' 'good effect,' 'high quality,' 'potent,' 'sedated,' 'social,' 'stimulated,' and 'talkative,' and it decreased ratings of 'tired' (Table 1) . In contrast to the findings with COC, participants reported minimal subjective effects after administration of active AMPH (Figure 2, Table 1 ). AMPH did produce small, although statistically significant increases in some subjective measures, including ratings of 'alert,' 'anxious,' 'calm,' 'irritable,' 'self-confident,' 'social,' and 'tired' ( Table 1) .
Physiological Effects
Subjective Effects
As shown in Figure 2 and Table 1 Figure 1 Physiological effects of oral NTX in combination with smoked COC (left panels) and oral AMPH (right panels). The upper panels represent the mean ± 1 SEM systolic blood pressure (mmHg) before (BL) and after each dose administration. Data points above NTX represent effects after administration of NTX and before administration of the placebo stimulant dose. The middle panels represent the mean ± 1 SEM diastolic blood pressure (mmHg), and the lower panels represent the mean ± 1 SEM heart rate (beats per minute, b.p.m.). Data points connected by black lines represent sessions involving active COC or AMPH doses in combination with NTX (0, 12.5, and 50 mg) and data points connected by grey lines represent sessions involving placebo COC or AMPH doses in combination with NTX (0 and 50 mg).
'would pay,' although compared with 0 mg NTX, both 12.5 and 50 mg NTX did reduce COC-induced ratings of 'anxious' (F(1, 110) ¼ 27.6; Po0.0001 and F(1, 110) ¼ 22.0; Po0.0001, respectively). NTX did not alter most of the subjective effects of AMPH. However, post hoc tests revealed that 50 mg NTX did produce statistically significant decreases in ratings of 'would pay' (F(1, 88) ¼ 10.5; Po0.01) and drug 'quality' (F(1, 88) ¼ 8.0; Po0.01), and decreases in 'liking' that approached statistical significance (F(1, 88) ¼ 5.7; P ¼ 0.019). The 50 mg dose of NTX also significantly increased AMPH-induced ratings of 'anxious' (F(1, 88) ¼ 8.6; Po0.01). Figure 3 and Table 1 illustrate the effects of smoked COC (left panels) and oral AMPH (right panels) in combination with NTX on ratings of craving for COC, tobacco, and alcohol. During COC sessions, ratings of 'I want cocaine' (F(5, 55) ¼ 3.9; Po0.01) and 'I want tobacco' (F(5, 55) ¼ 15.8; Po0.0001) significantly increased across the session, but ratings of 'I want alcohol' (F(5, 55) ¼ 2.4; P ¼ 0.04) did Figure 2 Selected ratings of subjective effects. The upper panels display the mean peak±1 SEM rating of 'I liked the choice' (mm) before (BL) and after each dose administration. Data points above NTX represent effects after administration of NTX and before administration of the placebo stimulant dose. The middle panels display the mean±1 SEM peak rating of 'I feel high' (mm), and the lower panels display the mean±1 SEM peak rating of 'I would pay' ($). Data points connected by black lines represent sessions involving active COC or AMPH doses in combination with NTX (0, 12.5, and 50 mg) and data points connected by grey lines represent sessions involving placebo COC or AMPH doses in combination with NTX (0 and 50 mg). 50 mg NTX produced statistically significant reductions in ratings of 'I want cocaine' during AMPH sessions (F(1, 88) ¼ 8.2; Po0.01), the changes were small in magnitude. NTX did not significantly alter ratings of drug craving during placebo AMPH sessions.
Adverse Events
NTX, AMPH, and COC were generally well tolerated by the participants, although all of the eight participants from whom SAFTEE data were collected reported at least one AE. The most common treatment-related AEs were 'general disorders' (eg, insomnia, headache, nausea, loss of appetite, and fatigue), with most having occurred in two or fewer participants. All reported AEs were generally resolved within 24-48 h, with some persisting for 5 days at most. A significant number of participants reported insomnia after active AMPH administration compared with placebo AMPH (Po0.01), although the insomnia produced by active AMPH did not significantly differ from active COC (Po0.05). Specifically, 4 out of 8 participants reported insomnia after active AMPH administration in combination with placebo NTX, whereas 1 out of 8 and 2 out of 8 participants reported insomnia after active AMPH in combination with 12.5 and 50 mg NTX, respectively. After active COC, placebo COC, or placebo AMPH sessions, either 0 or 1 participant out of 8 reported insomnia.
DISCUSSION
This study demonstrated that (1) AMPH and COC produced similar maximal cardiovascular changes, and NTX did not alter these effects, (2) COC but not AMPH significantly increased ratings of positive subjective effects, (3) NTX did Figure 3 Selected ratings of drug craving. The upper panels display the mean ± 1 SEM peak rating of 'I want cocaine' (mm) before (BL) and after each dose administration. Data points above NTX represent effects after administration of NTX and before administration of the placebo stimulant dose. The middle panels display the mean ± 1 SEM peak rating of 'I want tobacco' (mm), and the lower panels display the mean ± 1 SEM peak rating of 'I want alcohol' (mm) over dose and time. Data points connected by black lines represent sessions involving active COC or AMPH doses in combination with NTX (0, 12.5, and 50 mg) and data points connected by grey lines represent sessions involving placebo COC or AMPH doses in combination with NTX (0 and 50 mg).
not significantly alter COC-induced positive subjective ratings, (4) craving for tobacco increased during both COC and AMPH sessions, but craving for COC only increased during COC sessions, and (5) NTX decreased craving for COC and tobacco during active COC sessions, but it did not decrease craving for tobacco during AMPH sessions. Taken together, these results show that NTX was only effective in altering COC-and COC cue-induced increases in craving for COC and tobacco (ie, during active COC and placebo COC sessions). Interestingly, the doses of oral AMPH tested in this study did not elicit robust changes in positive subjective effects among COC users, which is in contrast to its demonstrated abuse liability in other populations, such as light and moderate recreational drug users (eg, Comer et al, 1996; Stoops et al, 2007; Acheson and de Wit, 2008; Sevak et al, 2010) . As AMPH did not produce robust changes in positive subjective responses, it was not possible to replicate earlier findings demonstrating that NTX reduces the abuse liability of AMPH (JayaramLindstrom et al, 2004 (JayaramLindstrom et al, , 2008b .
The finding that NTX did not alter the positive subjective effects of COC in this study is generally consistent with previous studies examining the ability of NTX to alter COCinduced responses (Kosten et al, 1992; Walsh et al, 1996; Sofuoglu et al, 2003) . However, the fact that it did significantly reduce craving for COC and tobacco during COC sessions is intriguing and warrants further investigation. The present results are consistent with results from preclinical studies investigating the effects of NTX in behavioral paradigms that model craving for COC by humans. For example, both NTX and a novel mu opioid receptor selective antagonist, GSK 1 521 498, produced dosedependent decreases in responding by rats on a COCassociated lever before COC availability (Giuliano et al, 2013) . Similarly, in a COC cue-induced reinstatement paradigm in rats, NTX produced dose-related reductions in responding on a lever that had been associated previously with COC infusions (Burattini et al, 2008) . When COC itself was used to reinstate responding on a lever previously reinforced by COC, NTX did not reduce responding after one NTX dose administration (Stewart, 1984; Comer et al, 1993) , but it did reduce responding after multiple doses of NTX were administered (Gerrits et al, 2005) . Thus, both cue-and COC priming-induced reinstatement of responding were reduced by NTX. In this study, NTX reduced craving for COC in both cue only (placebo COC) and COC plus cue (active COC) sessions. NTX was not administered chronically, however, which is a limitation of this study. Another limitation is that NTX may have differentially affected COC-and AMPH-induced responses because the time courses of smoked COC and oral AMPH are quite different. Partly mitigating this issue is the fact that 50 mg oral NTX reaches its peak plasma concentration within an hour and is sustained at relatively constant levels for several hours after ingestion (Wall et al, 1981; Meyer et al, 1984) . Another limitation of the study, however, is that the half-lives of NTX and 6-beta-naltrexol have been estimated to be 4 and 12 h, respectively, after oral administration (Meyer et al, 1984) . Thus, the five half-life 'rule of thumb' used by many to determine appropriate intersession intervals is met in this study for NTX, but not its active metabolite.
The effects of NTX on craving for tobacco were less consistent, with reductions found in tobacco craving during active COC, but not placebo COC sessions. Although several preclinical studies have demonstrated an effect of NTX on responding after exposure to COC cues and priming doses, the effects of NTX on COC-induced conditioned place preference and COC self-administration in laboratory animals are more variable, with some studies showing reductions (Corrigall and Coen, 1991; Ramsey and van Ree, 1991) and others showing no effect (Ettenberg et al, 1982; Carroll et al, 1986; Winger et al, 1992; Mello et al, 1995; Giuliano et al, 2013) .
Similarly, whether NTX is able to reduce COC use in clinical settings is somewhat unclear. Some studies suggest that NTX may be useful for treating COC abuse (Kosten et al, 1989; McCaul and Svikis, 1996; Oslin et al, 1999; Schmitz et al, 2001; Comer et al, 2006 ) and others do not (Hersh et al, 1998; Schmitz et al, 2009; DeFulio et al, 2012; Dunn et al, 2012) . In humans seeking treatment for COC dependence, NTX significantly increased the percentage of COC-negative urines among patients receiving 50 mg NTX plus relapse prevention therapy relative to those receiving 0 mg NTX plus relapse prevention, and those receiving 0 mg or 50 mg NTX plus drug counseling (Schmitz et al, 2001) . Although craving for COC did not significantly differ as a function of medication or therapy condition (Schmitz et al, 2001) , the craving questionnaire was administered in the clinic and participants were asked to rate how much they had craved COC during the previous week. In this study, participants were asked to rate their craving for COC within close temporal proximity to the presentation of cues associated with COC smoking, as well as actual COC smoking, which may account for the different results. The positive findings reported by Schmitz et al (2001) support the use of NTX for treating COC dependence, but other studies have failed to demonstrate an effect of NTX on COC use. For example, in a study of patients with comorbid alcohol and COC dependence, rates of COC use did not differ between patients who received 100 mg/day NTX and patients who received placebo medication (Schmitz et al, 2009) . Thus, the utility of NTX as a stand-alone medication for treating COC dependence is somewhat unclear.
The fact that oral D-AMPH did not produce robust positive subjective effects in COC abusers was surprising, but consistent with previous studies (Fillmore et al, 2003 (Fillmore et al, , 2005 Reed and Evans, 2010) . Fillmore et al (2003 Fillmore et al ( , 2005 , for example, showed that oral D-AMPH (0, 10, 20, and/or 30 mg) produced statistically significant increases in ratings of good effects and desire to take the drug again, but the effects were small in magnitude (ratings were 'a little bit' on a scale ranging between 'not at all' to 'very much'). Slightly greater ratings were reported by Stoops et al (2004) after administration of 16 and 24 mg oral D-AMPH: ratings of high, drug liking, willingness to take the drug again, and willingness to pay for it that ranged between 'a little bit' and 'moderately'. In contrast to those who participated in the studies by Fillmore et al (2003 Fillmore et al ( , 2005 and Stoops et al (2004) , participants in this study were older, had been using COC for a longer period of time, and spent more money each week on COC. It is thus possible that the severity of COC use contributed to the minimal subjective effects produced by AMPH in this study. In fact, Martinez et al (2007) reported that among COC abusers who had a use pattern and history of use similar to the current population, an intravenous dose of AMPH (0.3 mg/kg) produced significantly less dopamine release in the ventral striatum and putamen and less self-reported euphoria compared with a control group of individuals who did not abuse drugs. A 'contrast effect', which is a limitation of this study, could also explain the differences in results between this study and Stoops et al (2004) . That is, the effects produced by oral AMPH may have felt particularly weak when it was administered in close temporal proximity to smoked COC.
The finding that oral AMPH has low abuse liability in heavy COC users has interesting implications for agonist maintenance therapy for COC dependence. Similar to the agonist maintenance-based strategies for treating opioid and nicotine dependence, investigators have examined the possibility of using stimulant medications to treat stimulant dependence (for reviews, see Grabowski et al, 2004; Mariani and Levin, 2012) . Both preclinical and clinical studies suggest that maintenance on AMPH reduces COC use (Grabowski et al, 2004) . Like this study, previous research indicates that AMPH is generally safe and well tolerated by COC abusers. The finding in this study that immediaterelease oral D-AMPH was not liked, did not produce a feeling of being high, and would not be purchased by heavy COC users is reassuring from a safety perspective. This is particularly true because immediate-release AMPH would be expected to have higher abuse liability than the sustained-release AMPH formulations that have most often been tested in clinical trials.
In sum, the present results could not be used to determine whether NTX is useful in reducing the abuse liability of AMPH, which was a primary aim of our study. However, it did reveal that COC-and COC cue-induced increases in craving for COC and tobacco were significantly reduced by NTX. The relationship between craving and drug use is complicated and somewhat controversial, although emerging prospective studies are beginning to demonstrate that craving does predict relapse to drug use (Paliwal et al, 2008) . New technologies have also demonstrated a close relationship between craving and drug use. For example, Epstein et al (2010) asked methadone-maintained patients who smoked cigarettes and used heroin and COC to record their craving for tobacco, heroin, and COC on a hand-held device in an outpatient treatment setting. Although causality could not be determined, they found that smoking and tobacco craving were strongly associated with use of and craving for COC and heroin. Previous studies have shown that NTX reduces both non-opioid drug use and craving (eg, cigarette smoking and alcohol use), but it is not clear whether the reductions in smoking/alcohol use were caused by reductions in craving (eg, King and Meyer, 2000; Volpicelli et al, 1992) . Nevertheless, these findings suggest a potential role for NTX, perhaps as an adjunct medication, in facilitating reductions in craving for both tobacco and COC, which may ultimately improve treatment outcome. The minimal abuse liability of immediate-release oral D-AMPH among COC abusers revealed by this study also has implications for its potential utility in treating COC dependence.
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